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RADAR BRIDCE PATTERNS EXTRACTION AND IRODGKITION

INTRODUCTION

The objective of this study is to devise a feature extractor for
extracting various bridge patterns from radar imagery. This extractor can
be used in conjunction with other feature extractors developed earlier,
for example, the feature extractor using Walsh transforms for recognizing

road intersections, line roads, and rectangular objects I and the feature
extractor employing image statistics for classifying a set of imagery such
as city, water, field and forest.

2

The technique presented makes use of a combination of the Hough transform,
the Sobel edge operator, image thresholding methods, and decision logics
to detect and recognize bridge candidate patterns that are, in general,
characterized by a pair of long lines that are relatively close to each
other.

The hardware system consists of a 32-element by 32-element solid-state
array to convert the bridge patterns into electronic signals, a
minicomputer to process the electronic signals from the array using a
controlled software, and a computer-controlled, two-dimensional stage as
the image holder. The majority of the bridge detection and recognition
routines have been implemented as software for the hardware system
described.

The description of the system operation is followed by an explanation of
the strategies of bridge detection and recognition and bridge orientation
angle determination. The system test results are discussed and

conclusions presented.

SYSTOI DESCRIPTION

The block diagram of the system is shown in figure 1. A 4- by 9-inch
glass plate mounted with various 2- by 2-inch cut radar imagery is
illuminated by a light source, and a section of the image containing a

1P.F. Chen, F.W. Rohde, and W.W. Seemuller, Classification of Cartographic
Features Through Walsh Transforms, U.S. Army Engineer Topographic

Laboratories, Fort Belvoir, Va., ETL-0290, April 1982, AD-116 731.

2p.F. Chen, Preliminary Radar Feature Extraction and Recognition Using

Texture Measurement, U.S. Army Engineer Topographic Laboratories, Fort

Belvoir, Va., Research note in progress.
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bridge pattern is projected onto the surface of a Reticon 32-element by
32-element solid-state array through an imaging lens. The array converts

the optical energy of the bridge pattern into a video signal. The video
signal is quantized into 10 bits of digital signals and sent to the
Hewlett-Packard 2117F minicomputer for processing. The computer first
takes in a frame of 32 by 32 pixels of the digitized signal. Each pixel
is sequentially compared to an automatically set threshold value. It is
set to a "1" if it is greater than the threshold value and to a "0"
otherwise.

L IGIHT HELD BY LENS ARRAY ELECTRONIC COMPUTER
SOURCE STAGE

STAGE X-Y / LINE
DRIVERS DISPLAY PRNE

FIGURE 1. System Block Diagram.

The edges of the signal after thresholding are enhanced using the Sobel
edge operator. The Rough transform of the edge-enhanced signal is then
computed. The transformed matrix has a dimension of 64 by 32 and displays
unique characteristics of a bridge. A recognition routine follows to
screen out this unique characteristic and classifies the image as a bridge
with its orientation angle against the X-axis of the measurement window
(or the solid-state array). In case the unique characteristic is missing,
the image is identified as "not a bridge." The recognition result is
indicated on the CRT console. At the end of classification, the computer
sends a signal to the translational stage controllers to move the stages
in the predetermined x and y positions, and a new section of image is
projected onto the surface of the solid-state array. The procedure
described repeats until all preselected images are classified.
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IRIDGE DETECTION AND UOGNITION

As mentioned earlier, a candidate bridge pattern, in general, consists of
a pair of long lines that are relatively close together. Thus, each
possible bridge pattern is subjected to a set of tests that determine the
pattern to be classified as either "a bridge" or "not a bridge."

The process involves at least the following four steps:

1. Preprocessing and thresholding to eliminate or reduce background
and unwanted noise.

2. Edge detection to produce a pair of long, parallel lines.

3. Transformation of the long, parallel lines into a representation
more easily identified by the computer.

4. Test to determine pattern as "a bridge" or "not a bridge."

To eliminate or reduce the background and unwanted noise, the incoming
pixels were compared to an automatically set threshold value. The pixels
that were greater than the threshold value were set equal to "I" and those
that were less than or equal to the threshold value were set equal to
"0." The threshold value was set equal to a half of the maximum pixel
value within a given frame of pixels. With this method the unwanted
background noise was eliminated in most of the cases.

The edge enhancement was accomplished by using a Sobel operatsr to produce
a pair of long, parallel edge lines of the bridge pattern. The Sobel
operator, according to our past experience, has proved to be the best for
generating clear and faithful image edges.

Detection of the pair of long, parallel lines produced by the Sobel
operation in the spatial domain was relatively complicated. Therefore,
the lines were transformed into the P and 0 domain using the Hough

4transform. The Hough transform maps a line in Cartesian coordinate space
(x and y spatial domain) into a point in polar coordinate space
(P and ( ). A family of lines with different slopes, passing througha
common point in the x-y domain, transforms into a connected set of P-0
points. For our case, each edge point produced by the Sobel operator in

3W.K. Pratt, Digital Image Processing, New York: John Wiley and sons,
Inc., 1978.

4W.K. Pratt, Digital Image Processing, New York: John Wiley & Sons, Inc.,
1978.
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the x-y domain was transformed to a curve in the p-O domain, which was
quantized into cells. If an element of a curve fell in a cell, that
particular cell was increased by one count. After all edge points were
transformed, the P-U cells were examined. Large cell counts correspond
to colinear edge points that mgy be fitted by a straight line with the
appropriate (p,0) parameters. The size of the transform matrix was
selected to be 64 by 32 to yield enough resolution for determining the
orientation of bridge patterns. The maximum available matrix size of the
Hough transfdrm is directly related to the size of the measurement window
(input sampling array).

To determine the orientation angle of the bridge patterns against the X-
axis of the measurement window, the 10 largest numbers were sorted in a
decreasing magnitude order together with their indices (the I's and J's
specifying the location of the transform element holding the sorted
numbers) from the transform matrix. These 10 numbers were compared to a
second threshold value, "ITT," which was automatically set equal to 0.75
of the maximum element value of the Hough transform. Only the numbers
greater than "ITT" were screened and saved from recognition and detection
of bridge patterns and their orientation angles.

The determination of the bridge orientation is as follows:

(a) First, the row number, J, of the largest screened number is
found. If there is at least one other screened number in the same row, or
in other words, having the same J, then that J is used for the computation
of the bridge orientation angle.

(b) If the condition (a) is not met, then look for a new row with two
or more screened numbers. Use that row number, J, for the computation of
the bridge orientation angle.

(c) If neither condition (a) nor condition (b) is present then just
use the row number, J, in which the maximum screened number resides for
the computation of the bridge orientation angle.

5W.K. Pratt, Digital Image Processing, New York: John Wiley & Sons, Inc.,
1978.

WI€



(d) The formulas for the computation of bridge angle, R, are
R1 = 22.5 (32-J) degrees; if 20 < J < 32 1)
R- I 180 - 2.5 J degrees; if I < (20 (2)

The test for deciding whether a pattern belongs to the category of a
bridge is as follows: Since a bridge pattern always displays some width
in its appearance in radar imagery, each pixel, after first thresholding
in the measurement window, is tested for coexistence with its neighbors.
As indicated before, the measurement window after first thresholding
contains pixels of only two values, either a "I" or a "0". Thus, if a
pixel itself is a "1" and its left-hand neighbor is also a "I", a row
count will be made. Similarly, if a pixel is a "1" and the pixel just
below it is also a "I", then a column count will be made. The row and
column counts are examined after the tests are made for all pixels in the
measurement window. A flag is set if any one of these two counts is
greater than eight. This flag is designated as "ANS." This flag,
together with the existence of one of the first three conditions stated in
the previous paragraph, constitutes the absolute requirement for
recognizing and detecting bridge patterns and their orientation angles.

SYSTDI TEST RESULTS

A set of high quality, scale of I to 100,000, X-band synthetic aperture
radar imagery from the Hudson River, New York State, area consisting of
bridge images (transportation DI4S category number 503, FIC 260) was used
for this experimentation.

Figure% 2(a) to 9(a) show the line printer output of bridge patterns with
diffe. cnt orientation angles. Each pattern is printed in 16 gray shades
by line printing. Figures 2(b) through 9(b) show the recognition results
of bridges at various orientation angles. The Hough transform for these
bridge patterns is illustrated in figures 2(c) to 9(c). It is seen that
each bridge pattern was recognized properly and its orientation angle
identified correctly. Figures 10(a), 10(b), and 10(c) demonstrate the
input image, the recognition result, and the Hough transform when the
measurement window sampled an entirely black area. As expected, the
system recognized this image as "not a bridge." The resolution of the
bridge detection with present system setup is approximately 22.5
degrees. This resolution can be increased by using a larger size
measurement window. Figures 11 and 12 illustrate the bridge-recognition
results for the case of using 64- by 64- pixels measurement window. As
expected, the bridge-detection resolution was increased to approximately
10 degrees.
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It was discovered that the bridge orientation angle determination was less
accurate for bridge patterns oriented at 45 degrees and 135 degrees than
for other orientations. This is due to the quantization error of the
small-size measurement window (32 by 32 pixels for our case) that distorts
the straight bridge-edge lines into looking like staircase patterns at 45
degrees and 135 degrees, especially when the patterns shift their position
from one corner of the measurement window to the other. This error can be
reduced if the size of the measurement window is enlarged at the cost of
increased processing time. The software listing for this study is
included as an appendix.

(DNCLUSIONS

1. The Hough transform, together with the Sobel edge operator, image-
thresholding methods, and decision logics, provides an effective means for
detecting and recognizing various bridge patterns and their orientation
angles from a set of radar imagery of the Hudson River, New York State,
area.

2. The entire set of the selected radar bridge image patterns was
recognized correctly with this scheme even if the bridges were not
centered in the measurement window.

3. The resolution of bridge orientation angle determination with a 32- by
32-pixels measurement window is approximately 22.5 degrees. The
resolution can be increased by enlarging the measurement window size as
demonstrated in the report.

4. The quantization error of the measurement window can also be reduced
by using a larger window size at the cost of increasing the processing
time.

9



(a) Pictorial Print of Processed Input Image.

IROW = 30
ICOL = 3
AIN S I
ITT -22.

J= 32
RI U.U
Bridge Detected at 0.0 Degrees with X-Axis.

FIGURE 2. (b) Recognition Result of Bridge Pattern at 0 Degree.
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(a) Pictorial Print of Processed Input Image.

IROW = 9
ICOL = 7
ANS= 1
ITT -22.

J= 31
RI1 22.5
Bridge Detected at 22.5 Degrees with X-Axis.

FIGURE 3. (b) Recognition Result of Bridge Pattern at 22.5 Degrees.
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(a) Pictorial Print of Processed Input Image.

IROW = 14

ICOL = 12
ANS= I
ITT - 22.
J= 30
RI = 45.0

Bridge Detected at 45.0 Degrees with X-Axis.

FIGIM 4. (b) Recognition Result of Bridge Pattern at 45 Degrees.
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(a) Pictorial Print of Processed Input Iage.

IROW - 15
ICOL - 30
ANS- 1
ITT -22.

J- 29
R1 67.5
Bridge Detected at 67.5 Degrees with X-Axis.

FIGURE 5. (b) Recognition Result of Bridge Pattern at 67.5 Degrees.
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FIGURE S. (c) Hough Transfor, of Bridge Pattern at 67.5 I~etree.
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(a) Pictorial Print of Processed input Image.

IROW - 2
ICOL -13
ANS= 1
ITT -22.

J= 28
RI1 90.0
Bridge Detected at 90.0 Degrees with X-Axis.

FIGURE 6. (b) Recognition Result of Bridge Pattern at 90 Degrees.
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FIG= 6. (c) Hough Transform of Bridge Pattern at 90 Degrees.
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(a) Pictorial Print of Processed Input Image.

IROW - 15
ICOL - 30
ANS - 1
ITT 29.
J 27
R1 =12.5
Bridge Detected at 112.5 Degrees with X-Axis.

FIG=RE 7. (b) Recognition PRsult of Bridge Pattern at 112.5 Dgres.
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FIGURE 7. (c) Elough Transform of Bridge Pattern at 112.5 Degrees.
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(a) Pictorial Print of Processed Input Image.

IROW = 14
ICOL - 15
ANS 1
ITT - id.•

J= 26
RI - 135.0
Bridge Detected at 135.0 Degrees with X-Axis.

FIGURE 8. (b) Reeogntion Result of Bridge Pattern at 135 Iegrees.
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FIGURE 8. (c) Hough Transform of Bridge Pattern at 135 Degrees.
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(a) Pictorial Print of Processed Input Timage.

IROW - 29
ICOL - 14
ANS- I
ITT - 14.

j 25
R1 157.5
Bridge Detected at 157.5 Degrees with X-Axis.

FIGUJRE 9. (b) Recognition Result of Bridge Pattern at 151.5 Degrees.
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FIGU[RE 9. (c) Hough Tr'ansform of Bridge Pattern at 157.5 IegreeS.
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(a) Pictorial Print of Processed Input Image.

IROW = 0
ICOL = 0
ANS= 0
ITT - 47.
J = 25
R1 = 157.5
"not a bridge."

FIGIRE 10. (b) Recognition Result of an Entirely Black Area.
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FIGURE 10. (c) Hough Transform of an Entirely Black Area.
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4RDS 1-00004 IS fiN (110000? USING 00071 BLKS R-1000

000t FIN4.L
0007fl CSSS**8**********PRUGRAM "RDS --- REV /4/208********
003 C 1iH1S PROGRAM RECOGNIZES A BRINGE (OVER WATER USING THE HOOCGH
0004 C IRANSFORN WHICH CONVERTS A LINE INIO A POINT. THE EDGES ARE
0005 C DEIECIED USING A SOBEL OPERATION (SUBROUTINE. *SOBEL").
0006 C MODIFIED IDO RUN IN 1HE RTE OP. SYS.
0007 C
0009 C
9009 C
s010 C
0011 PROGRAM RDS
0012 COMMON IXPOS.IYPOS,IRUN.IMAGE.IAl
0013 COMMON LEXLU
0014 DIMENSION IA3(1026)
0015 EJLIIVALENCF.(IAI .IA3(3))
0016 DIlMENSION IA1(l024) .1A2(1024)
0017 DIMENSION IEDCE(1024).1DCB144)IXUF(49).IYBIF(49)
0019 DIMENSION IXFRM(64,32),IA(64,32),MAX(i1).JMAX(11I
0019 DIMENSION JMAX(I1)
0020 DIMENSION IDARK(512).INPUF(43).L.APIN(10),L.ABPT(i0).L.APEG(10E
0021 DIMENSION NAME(3).LAPHII0).LA9A(10)
0022 DIMENSION IWRD(7),IUR2(7)
0023 DAIA INPur/mHs.mm N2HPS,2HPI,2HJP.2HTR,2SR.2I11,24FV.2H1H,2HFD.
0024 I2HOR,2HLU,2HXY.2HRS,2HNI.2HDR(,2HNA,2HI1M.2H1RU,2HRA,'HRi.2H;R .2HPA.
0025 22H1 .2HMA,2HMN,2HrF .2"ST ,2HHC ,2HHS.2HAP ,2H9P 2HOE ,2HPE ,2HHU,2HPH,
0026 32HTr.2HPD.2HTS,2HLX.2HFA.2HFA/
0027 DATA LAPIN/2HIN.2HPU.2HT .7*2H/
0029 DATA LABP1/2HIN.2HPU,2HT *2"SC,2HAL.2HED.4*2H
0029 DATA IYES/2HYE/
0030 DATA LAPEG/2HED.214GE.1*2H /
0031 C
0032 C SEI' VARIABLES TO DELAULT VALUES
0033 C
0034 JC=0
0035 CALL1 RMPAR(LAi)
0036 IF (IAI.E(J.0)IAI=1
0037 LO-IAi
0039 100 r-LU
0039 CALL LUNT(7SP.LUWAT.I)
0040 ITIm0
0041 3 WRIrE(LU.2)
0042 2 FDORMAT(STEP FILE NAME?")
0043 READ(LU,38)NAME
0044 4 CALL (PEN(IDCF1.I.NAME)
0045 CALL FEROR(I,4,LU)
0046 IF (Y.L-T.0)GO TO 3
0047 CALL READF(IDCB.IERR.IXIJF.47.IMAC9)
0040 CALL READF(IDCB,IERR,IYDIIF.49,IMAGS)
0049 (;ALL CLOSE(IDCB)
0050 J"AGS-IMACS+I
0051 WRITE(LUMIIMACS
0052 1 FUR"Ar(NO. OIF IMAGE$-",12)
905'3 NAVmS
0054I IXP1I~wo
0055S IYPOS=0
19%E IMAGE-1
06157 IRUN-0
l0se HCRAY-i6
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00%yI li110
0060 1s
0061 LIRJ=1
0062 IOR=2
0063 11 1=0
0064 MAX=0
0065 MIN=0
0066 NCHRS=72
0067 IDIM-32
0066 1A3(1)='HAX
006Y IA3(2)=MIN
0070 t=-
007t C
007? C INfPur COMMHAND LOOP
0073 C

0074 C DK--INPII'I ARRAY DARK LEVJELS
0075 C LU--INPUr LIST LU

0077 C Il--INPUT IHREt;HOID CONSTANI FOR INPUT IMAGE
0079 C P1--PRiNrT WE INPUT ARRAY
007Y C IR--TERMINATE PROGRAM
0000 C TN--THRESHOLD FOR BACKGROUND
0081 C 58--BOREL OPERATION
0092 C OE--UIJ1PUT RESUIJ~ OF SOBEL OPERATION
0083 C I4U--HOUGH TRANSFORM
0094 C PH--OLIIPUI HOUGH TRANSFORM MATRIX
0085 C TT--THRESHILD VALUE FOR DETECTING AN ED)GE '
0096 C [4D--BRIIIGE DETECTION
0097 C IS--INPUT THRESHOLD VALUE BEFORE SOREL OPERATION
0089 C LX--DISPI.AY RESULT OF BRIDGE DETECTION ROUTINE ON LEXIDAIA
099 C PE--DISPLAY HARD COPY (IF INPUT IMAGE
0090 C XY--SLEW 10 AN IMAGE.
0091 C IS--INPUTr STAGE STEPS FOR NEXI IMAGE
0692 C OR--INPUT ORIENTATION VALUE
0093 C RS--RESET 10 FIRST IMAGE
0094 C NI--SLEW TO NEXT IMAGE IN SEQUENCE
0095 C NA--INPUT NUMBER OF FRAMES AVERAGED
0096 C IN--SLEW TO SELECTED IMAGE
0097 C RU--AUTOMAlIC RUN THROUGH IMAGES
0998 C RA--RUN AGAIN STARTING AT STATEMENT 3
0099 C RI--REMOVF SELECTED IMAGE
0160 C
0101 19 WRITE(LU,21)
0162 29 FORMATW??"),
0103 READ(LU.30)ICMND
0164 is FTJRHAT(WA)
0105 IF 4ICMND.EQ.I"PU1(1))GO TO 100
0166 IF (ICMND.EQ.INPUT(2))GO TO 200
0107 IF (ICN.EO.1NPUT'(9))READ(lIJ.*1111
0169 IF (ICMND.E:G.INPIIT(4))GO TO 300
0109 IF (IC"ND.re.INPUTr(10))READ(LU.)IlTH
0110 IF' (iC"NtD._Q.NPUT(1I))GO TO 6000
6111 IF (ICMND.EQ.INPUF(20))GO TO 1300
6112 IF (IC"ND.EQ.INPUT(15))CALL RESET
8113 IF ([L'NND.EQ.INPtJT(Ib)PG0 TO 1000
01t4 IF (ICHND.EQ.INPUlT(iB))READ(LU.*)NAV
011s IF (ICMND.F.Q.INPU'I(1y))GO TO 1200
0116 IF (ICMND.EQ.INPUT(21))GU TO 2100
0117 IF (ICMND.EQ.INPUT(22))GO To 2300
0ils IF (ICIIII. EQ. INPUT (17))GO TO 11ne
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0119 IF UICIID.F.Q.INPUr(13))CO TO S00
0120 IF (ICMND.EQ.INPUT(b))GO TO 1400
0121 IF (ICMND.EQ.INPurU33)) COTO 4000
0122 IF (ICM"D.EQ.INPUT(35)) COTO 4200
0123 IF (ICMND.EQ.INPUT(37)) COTO 4600
0124 IF (icmND.EQ.zNPUr(J4)) COTO 4100
0125 IF (ICMND.EQ.INPuTr(36)) COTO 4SO0
0126 IF (ICMND. EQ. INPUT 38))READ u.U.pSITr
0127 IF (ICMND.EQ.INPUT(14))GOTO 606
0128 IF (ICMND.EG.INPU1(40))READ(LU.S)1T2
0129 IF (ICMND.EQ.INPUT(41)) COTO 987
0130 117 (ICMND.EQ.INPUT(24)) GO TO 6000
0131 31 FORMATt"1")
0132 GO TO 10
0133 C
0134 C STORE SIAGE SIEPS FOR NEXT IMAGE OR INSERTED IMACE
0135 C
0136 C SLEW TO STARTING IMAGE, I INPUT APORTS
0137 C SECTION.
0139 C
0139 C
0140 100 WRITE(LIJ,101)
0141 101 rORMAT("sTART AT IMIAGE 0"
0142 READ(LU.*)r
0143 IF(I.Cr.IMAGS.OR.I.LT.1)GO TO ii0
0144 IRUN-2
014S CALL STEPU(IXSUF,IYDUIF.IMAGE.I,IX9TPSIYS1P)
0146 IXPOS=IXPOS+IXSTP
0147 IYPOS-IYPOS+IY9IP
0149 IMAGEwI
0147 CALL SSLEW(-IXSrP.-IYS1P.1)
0150 C
0151 C INP'UT ADD OR INSERTIMACE FLAG. -IC"ND". AND MOVE TO
015? C NEW IMAGE WITH KBRO CONTROL.
0153 C
9154 WRITE(LU.120)
0155 126 FORMAT("ADD(1) OR INSERT(2) IMAGES?")
0156 REA04LIJ.*)ICMND
0157 107 WRITE(LU,102)
0159 152 FORMAT(""OVE STAGES WITH KORD UNTIL DESIRED [MACE IS")
O159 WRITE(LU,103)
0160 103 FORMAT("DISPLAYED. ENTER I TO STORE NEW IMAGE POSITION')
0161 MR ITE(L.U,109)
0162 109 FURMAT( "EN]ER 2 FOR FEAIURE DETECTION")
0163 1XD0O
0164 JYD-O
0165 109 READ(LU.*)IXSTP.IYSTP
6166 IFCIXSTP.EQ.1)GO TO 104
0167 JI(IXSTP.FG.2)GO TO 200
0169 CALL SSLEW(-lxsrP,-tYSrf,.1)
0169 IXD=IXD+IXsJp
0170 IYD-IYD+IYSTP
0171 Go To 105
0172 C
0173 C COpMPUTE NEW STAGE P0911 IONS RELATIVE 10 SIARTING
0174 C IMAGE AND PRANCH TO ADD INSERr sECTON.
0175 C
0176 104 txpog-IxptOBIXD
0177 IYPOSJYIIpfs+IYD
017R II~1J.O~~~)1 1
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0179 C
0190 C ADI) IMAGE SECTIONo SimR NEXT IMAGE STEPS I
0181 C
9182 IXFIUF(JMAGE)-IXD
013 Z YP(F(IMAGE) -1YD
0194 GO '1O 114
g19s C
0186 C INSERT IMAGE SECTIUNt INSERT NEW STEPS INIO CURRENT
0197 C IMAGE INDEX, MOVE IXI)UF AND IYBUF DOWN. COMPUTE STEPS
0199 C FROM NEW IMAGE TO OLD NEXT IMAGE AND STORE IN INDEX+1
0189 C
0190 lit IXSrfP-IXDF(IMAGE)-IXD
0391 IYSlP-IYPIIF(IHACE)-IY)
0192 IXPUF(I"AGE)=IXD
0193 IY8lfF(IMAGE)=IYD
0194 lV(I"AGS-I"AGE.LT.2)GO TO 115
0195 DO tIi X=I.IMAGS-XMAGf-1
0196 IX8LF(IMAGS-41)-IXPUF(I"AGS-1)
0197 113 IYBUF(I"AGS-I+1)-XYSIJF(IMAGS-I)
0198 I1s IXBIF(IMAGE.)IXSTP
0199 JYPUF(IMACE+1)-IYBTP
0200 IMAGS-IMAGS*1
0201 C
0202 C ASK IF '10 CONTINUE AND IF NOT STORE STEP FILE
0203 C IN DESIGNATED NAME
0204 C
0205 114 I"AGE-IMACE4I
0206 IF(INAGE.Eg.5I.OR.IMACS.EQ.S0)GO 10 109
0207 WRITE(L.106)
0209 106 FOR"Ar("CONTINUE?*)
0209 READ(L.U.30)l
0210 IF(I.C9.IYES)GO TO 107
0211 109 IF(ICMND.EQ.l)IMAGS=IMAGE
0212 ff2 WRIrE(LLJ.2)
0213 READ(LU.30)NAHE
0214 CALL OPEN(IDCI,I.NAMF)
021S IF(I.Eg.-6)CALL CREAi;IDC0.I,NAME.1.3.9)
0216 CALL WRITF(IDCD.IIXBUFIMAGS-i)
0217 CALL WRIIF(IDCD,IIYBUF,IMAGS-1)
02113 CALL CLOSE(IDCB)
0219 CALL RESET
0220 Go to 10
0221 C
0222 C INPUI AND AVERAGE ARRAY FRAMES. SUBTRACT DARK
0223 C LEVELS. THRESHOLD AND ORIENT
0224 C
0229 200 CALL AVGIN(TAi.1A2.J@24.NAV.IDARK)
0226 C
0227 C 114E FOLOWING STATEMENTS FIX AN APPARENT HARDWARE ERROR BY SORTING
0229 C SUCH INAT THE FIRST ROW IN *1AI" BECOMES THE LAS] ROW.
0229 C

10230 DO 203 1-1.1024
0231 233 IA2(I)-IAt(I)
0232 DO 201 1-1,992
0233 201 IA1(I)OIAi(1432)
0234 DO 202 1-993.1024
4)23S 202 IA1(I)wIfl?(I-992)
0236 CLL IORNf(IAI,32,JOR)
0237 C !lEf 1HRI.SHUI.D FOR INPtit ARRAY
07'311 1;
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0239 CALL "A'IRI(IAI.JTH)
6240 00 220 I-1,1024
0241 IF(IAi(I).GE.IT14)IAi(I)-l
0242 220 CONTINUE

0243 IF(IRUN.GT.0)4000.1S

0245 C PRINT INPUT IMAGE

0246
0245 500 CL DT(UT

0247 CAL (1.UT.EQA.L) NS=2.3,.-O.NH
0259 GO TO 10
0250 C
0260 C IHNCETAN PAKMET R EV
02613 C

0263 C OI 10urLST
0254 C
0265 100 PEsror )tUO

02s6 C
0267 C ILEPUTO ANEX IAKARKLEEL
0269 C
0269 1100CL IF(IFPR().T.0)GO TO 101
0270 GFIAC.U.NGSG TO101
0271 C AL9LW-XIFIlG~-YU(MC~1

0276 C XO=XU+XU(IAE
027C SE TY O NIYPU IMAGEIMGE
0274 ING1HA;,

0270 IF(IRUNE.EU.IM)200, TO101
0276101 CALL SLET(IPFIAE.-YU(MC)
0277 GXOS 10 10 BF(MAE
0279 C YO.YU4IBFIAE
0279 C 9LGW TO SELEiEIAG
027S C FIU.Ui201
0276 100 CALURESE
0277 GoIG.NG.O..I1G TO 10

0279 C ALLFWT SEIPU IMAGEIMG.I* XT ,IBP

0290 c X'BIPI4XT
0295 20 IYPOSDIYP.IYS
0286 IHAGEI.r"ASR...ICTO1

0297 CALL SSLEW(-IXSTP.-YYSTP,1)
0299 GO) TO 10
3299 C
0290 1300 CALL REF.1
0291 JRIIN-1
0292 GO 10 200
0295 C
0294 C
029S 2300 WRIIE(LU.231.0)
0296 2310 Ft)NMAt("ItIAGE * Ta Pf REMOVED?")
029l/ Rf AD (1.1I,*)
0291 II(!.MIPAIGq.OR.l.L.T.l)GO To le

36



0299 IF(I.EQ.IHAGS)CO rO 2320
0300 CALL STEPS(IXRUF.IYDUF.I-1,141.tXD.IYD)
0301 IXDIJFII-I)mIXb
6302 )YDUF(I-i)-IYD
6303 D() 2330 IXD-1.INAG9-2
0304 )XBUF(IXD)-IXBUFIIXD*1)
6365 2330 IYRUF(NXD)-lYDUF(IXD+I)
0306 2320 IMACS-I"ACS-I
6307 SiRlIE(LU.2)
0308 READ(LU.30)NAME
0369 2350 CALL OPEN(IDC9,IXD.NAME)
0310 JF(IXD.EU.-6)CALL CREA'F(IDCB.IXD.NAHE.1.3.0.9)
6311 CALL WRITF(IDCB.IXDIXBUF.I)
0312 C:ALL WRITF(IDCB.JXDIYDYF,I)
0313 CAL.L CLUSE(IDCP)
0314 Go To to
0315 C $OPEL OPERMlION t USED 10 DETECI EDGES
0316 C
0317 4000 CALL SOPEL(IAIIEDGE.32,32)
6310 C
0319 C SET THRESHOLD FOR SOBEL ARRAY 'IEDGE"
0320 C
0321 CALL MA1IR2(IEDGE.1T2)
6322 IDIN-32
0323 IF(IRUN.GT.0)4500.10
0324 C
0325 C OUTPUT RESULT OF SOPEI. OPERATION TO LINE PRINTER
0:126 C
0327 4100 CALL MTOUI(IEDCE.L.ABEG.1DINIDIN,3L.UTNUI4RS)
6329 COTO 10
0329 C
0330 C PICTORIAL.LY PRINT OUTPUT OF INPUT ARRAY
0331 C
0332 4206 CALL LPIN(IAI.32)
0333 COTO 10
0334 C
0335 C HUUOCH TRANSFORM USED3 TO CONVERT LINE INTO POIN1
0336 C
6337 4500 1-1
033" 4561 CALL HOiGH(IEDCE.32.32,IT2,IXFR".64.32)
033? C
0346 IF(IRUN.t;T.0)6000.10
0341 C
0342 C PRINT HJUCII IRANSFORM MAIRIX ON LINE PRINTER
0343 C
0344 4660 CALL HIOUT(IXFRM,LAPIIU,64.32,3.LUOT,-NCHIRS)
0345 cruto
0346 C
0347 C SL.EW TO AN IMACE
6349 C
6349 600 READ(LIJ,*)IXSIP.IYSTP
0350 IF(IXSIP.EU.1)GO TO 10
0351 CALL SSLEV(-JXSTP,-IYBTP,I)
0352 COTO 600
013 997 IC-1C41

013c5 C DlSPtAY MHE INPUl ARRAY "IAI" ON THE LEXIDATA. 1"HE SUBROUTINE IS
0.517 C CAPAPtl 11W iISPLAYXNG 12 ARRAY9.(4 COLIJM"9.. ROWS). IT D1SPLAYS

0350 t: 11I1: UEMJENIRALLY STARTING AT TOP LEFT CORNI.R AND iNDING Ar T14E
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0JS9 C POIriw RICHI CORNER. THEti WORD *PRIDGE* APPEARS IF A BRIDGE OVER
0360 C IDArER IS DETECTED. ALSO. 1HE ANGLE THE BRNIDGE MAKES WITH THE P06-
0361 C Arm~ X-AXIS IS SHOWN ON THE LEXIDAlA.
0362 C
0363 IrANS.EQ.0)GO1O 10
6364 IDE ' C=R I
0365 CALL LXI4D(IAI.IDEG,JC.JP.ANS)
6366 Go TO 10
0367 C
0369 C CLASS IF ICAI JUN OF PRIDGES
0369 c
0370 6000 CALL. DROGF.(JAI ANS, IC'1..IR0U)
6371 WRIIF(LUOI ,F2S)IROU
0372 225 FORMArIx,"IROW . 13)
0373 WR ITE (L. 111 .226)I1COL
0374 226 FOR"AT(1X*,ICOLw 0,13)
037S WRITE(L.UOT.227)ANS
0376 227 FOR#IAm(x,*ANs- ".14)
0377 C 9tIT 1HRESHOLD FOR HOOGH rR ANSFORN ARRAY "IXFRII
0379 CALL HAT93(IXFRM.JTT)
0379 WRI1E(I.uOT,4S05)ITT
060 4565 FORMAT(IX,.FT- ".F3.1,
0301 DO 6050 .1=1132
0392 DO) 6050 1-1.64
03133 IA(I,J)-IXFR"(I.J)
0394 6050 CONTINUE
03"S DO 6700 K-1,10
6386 MX=0
03137 JMX=o
039" JHX--0
0399 DO 6600 3=1.32
6390 DOI 6660 1=1,64
6391 IF(IA(I,J).LT.NX)GO TO 6606
6392 MXnIA(I,J) 1
0393 ItIX=I
0394 JHXwj
0395 6606 CONTINUE
0396 MAX(K)=MX
0397 JHAX(K)=IHX
0399s JMAX(KI-JHX
6399 IA(INX.jmX).0
0400 6700 CONTINUE
0401 6906 Ml-0
6402 DO 69101 I-i,t0
6403 JF(JMAX(X).NZ.,JMAX(1))GO TO 6910
6464 IF("AX(K).L.F.ITF)GO TO 6916
640S Mo-fl+1
0466 IF(M.LT.2ICD TO 6916
6407 J-J"Ax(S)
6409 GO TO 6100
0409 6910 CONTINUE
6410 DII 6925 1.2.10
0411 e
0412 Do 6926 X-2,10
0413 Ir:(J"AX(K).NF.JfAX(I))GU 10 6906
6414 IFI"AX(K).L.E.ITT)rco TO 6920
041S. ?1-"11
04th 1I'(h.LT.)',f 70 6920
014t7 J'?IHAXIz)
94111 ;3) fit Ilion
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0419 6920 CON I INUE
0 4;30 6 9 25 CONI INIJE
0421 J"lJMAX(t)

0~~~ 4I; G1TO 61001
04P3 1;
0424 6B011 CALL MiIIIJ(ALAIA.64.32.3,Luor.-mcffRSP
0429 6100 WRIlE(LUJIT,&liSO)J
0426 611-0 fOIRMAt(iX,"J- *,lJ)
0427 l:3-)P.
042)3 JF(J.Lr.P0)Ritll80-J*2.S
0 42 WRIrE(l.UOl ,6160)RI
0430 6160 FORMAI(tX,"Rl= ",FS.1)
0431 IFcANS.ig.I.0)WRIrE(Luul,.617O)Rs
0 4.f. IF(AN9.LIJ.0.0)WRIIE (L-IIJ.6180.
04-13 6A70 VORm r(ix.-pR1DcE DETECTED At -. S~. V47REES W111) X-AXIS-)
0434 61811l FVRMA1(lX."tNIS 19 NOT A BRIDGE")
043S JF(uRUN.EQ.1l;O TV 6190
0436 IF( IRUN.EQ.2)1ll5,i0
04,37 6190 CALL EXEC(I,LUWATfS0,l)
0438 GO It) 1)10
0439 C RE1SET THE MAIN PROGRAM AND INITIAL VALUES
04401 U
0441 21110 CALL RESF.T
0442 Gf? TO 3
0443 t N)
0444 C I
044S G 1119 IS A SUF4ROUTINE 10 RESET T11E MAIN PROGRAM "RD" TV ITS
0446 C IN.IrIAL SIAGES
044? C
0449 SLIE'ROTINE RE.SET
0449 COMMON IXPOS, IYPOS, IRUN. IMAGE
04S0 IMAflE=t
0451 JRUN-0
0452 CALL SSLLW(IXPOS.IYP0S,i) 1
04S3 IXPOS=0
04S4 JYPOS-s0
04SS RETURN
04S6 END
04S7 C
0458 1; SLIPRUIXE TO CALCULATE THE NUMBER (OF STEPS PETWELN
0459 C IMAGES 1"l AND 1M2 FROM THE SUCCE91VE D191ANCES
0460 C STORED IN "IXPUF" AND "IYBUF*.
0461 C
0462 SUBPROUJTINE 9TEPS(IXDIF .IYPIFl.IJM2,IXSTP.IYSTP)
046.5 DIMENSION JXPNDF(I).IypuF-(I)
0464 txsrp-o
046S TY9TP-0
0466 JrIMl.EU. IM2)RETURN
0467 M-I~i
0468 N-IM2
6469 ir(Imi.LT.WM)GO TO 20
0470 M=TM2
0471 N.-IN1
0472 PC 510 30 I'.M,N-i
047.3 IX97P-IX~itI(1)+IXSTP
0474 30 IYbTP-IYPUF(I)+I'rSIp
047% IF(ldl.Lr'.IMP)NETURN
047h 6I--xl
0477 IYSIP-.-IYgrp
047n1 lot IIRN
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0479 rND

0 480 C
01491 C AUIOMATIC THRESHOJLD FOR INPUT IMAGE. THE ARRAY 1S CALLED 'IAI".
04RI C
0483 SUPRIJUTINE MA1RI(IAi.ITI)
0494 DIMIENSION IAI(i024)
0405 S1JH-0.
0491, JMAX=IAI(l)
0487 DOI 28 1-2.1024
0489 IF(IAi(I) .Gr.JHAX1)1NAX1-IAI(I)
0499 29 CON! INLIE
0490 ITH=.SO*FPLOAf(IMAXt)
0491 DO 38 1=1.,1024
0492 IIH;TIt JAI1=0
049.3 39 CUNIINUE
0494 RF.1URN
049S END
0496 C
0497 C SEr THRES1HOLD FOR SOBEL OPERATION. USES ARRAY "IEflGE".
0499 C
0499 SUBROUJTINE MATR2( lEDGE.* T2)
0500 DIMIENSION IFDCE(iO?4)
0501 5011-0.
0502 IHAX=IEDUF( 1)
0503 D0 29 1-2.1124
0';04 Ir(IEDCE(l).CT.INAX)JI1AX-IEDG.E(I)
0505 28 CONTINUE
0506 II12=PLOAT(I"AX)S.SS
0507 DO 39 1=1.1424
0508 IF(IT2.GI.ItDGEfI))IEDGE(I)w6
0509 39 CONTINUE
0510 RETURN
0511 ENDI
0512 C
0S13 C SC18 ]HRESHOLD FOR THE HOUGH TRANSFORM. ARRAY NAIW,"IXFEH".
0514 C
0515 SUROUTINE hATR3(IXF*EN.ITT)
0516 DIMENSION IXFRII(64.3.1)
0517 JHAX-IXFRM(1.1)
$518 DO 29 1-1.64
0519 Do 29 J=1,32
0520 IFUIXFR"(I.D).Cr.IMAX)IMAX-IXFRN(I,D)
0521 29 CONTINUF
0522- ITT-INAXS.75
0523 RETURN
0524 ENDI
0525 SUBROUTINE LXRD(IAI ,IDEGICISANS)

0527 ******THIS DISPLAYS A 32X32 ARRAY AND THE RESULT Wi A BRIDGE DETECTION

0530 EtUMMUN LfEXI.U
0531 DIMENSION IAiI0?4).NUI(2)1,WD(3)
0532 DAFA IWD/2HPR.2HID.2HGE/
0533 IONES-#iUD(IDEC,iol
3534 IDEG=(IDFC-InWSgl/10
0535 JIENS-#IUD(JDEG.16)
0S;36 1DEG=( II)Er-ITENS)/IO
0517 111INHOD(It)EG,10)
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r,39 TNUM(2)-2S6*(IONES+48)
IIS40 JR~Ic:-1
0541 f~

0S43 iFCIC.Gl.4)TL=J
0544 IF(IC.GT.8)IL=:2
0S45 lF(IR.EO.4)IR=0
0S46 IFcIR.Eg.S)IR-i
0S47 IF(IR.EU.6)IR-2
0548 IF(IR.EG.7)IR=;3
0S49 IF(IRA-Q.8)IR=0
0550 IFUIR.EQ.9)IR=l
0551 IIR.Eg.10)IR-2
0552 IF(XR.EQ.11)1R-3
0553 IF(IR.EU.i2)ICU0
0554 IF(IR.EQ.12)lL-0
0555 fF(IR.Eg.12)TR-0
0556 IF(IC.NF..1) rUTO 10
0S%7 IF(JIN.N.0) GOTO 10
0558 IFUANS.EO.0.0) COTO 2S
0559 C
13560 C INIITALIZE THE LEXIDAlA
096t C
0562 CALL LINTI
0S63 CALL DSMR(0C0,S,3Y.639,0)
0564 CALL DSCHN(-I.-1.-i)
0565 C
0566 C JUMP TO 10 IF INITIALIZATION HAS BEEN ALREADY COMPLETED
0S67 C
0568 10 CALL DSLIM(38+60*IR .8.IL*70.69+60*IR,39+IL*70)
0569 CALL D9PUT(IAl.1024)
O570 CALL DSZOM(1,1.2)
0571 CALL DSSAO(31e60*IR.45*IL*70,iOOOB,0.i)
0572 CALL DSTXT(6,IWD)
0573 CALL DSSAO(40*608IR.56.1L870,IIIOP,0,i)
0574 CALL D9TXT(3.INUM)
0575 25 CONTINUE
0576 RETURN
0577 END
0578 C
0579 C THIS SUBROUTINE DISTINGUISHES BETWEEN A BRIDGE OVER WATER AND
0580 C ANY OTHER TYPE OF GEOGRAPHY. IF A BRIDGE IS DETECTED. ANS-1 IF
0581 C IT IS NOT, ANSS0.
0582 C
0583 SUBROUTINE BRDGE(IAI ,ANS,ICOL.IROW)
0504 DIMENSION TX(32.32),IAI(32.32)
5595 N=O
0596 ANS-i
05817 NI-0
0599 ICOL-0
05989 TROW=O
05960 DO to 1-1.32
0591 DO 10 101,32
0592 TXCI,J)wIAt(I,J)
0593 10 CONTINUE
0594 DO 20 3-1.32
6595 TX(1,3)=S
6S96 TX(32 .3)-S
0597 TX(J,1)=5
6598 TX(J.32)-S
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03609 DO1 40 J=2,3t
0601 DOI 30Ir!3
060P? f'(rX(f.J).*1x(I-,.J).FU.2)N=4+I

0604 .10 3;VN1IUF
060% IF (N.Lr. iH.AN.;E.2JctOL-xCOL+I
06036 IF("1.L1.i8.AND.NI.CE.2)IRJU-IROW+i
0607 N'-0
0600 NI=0
0609 40 COUN I NiF
063.0 If7(iCDl..F.fl)ANcF=l
06-11 ir(lROW.GF..9)ANS=i
11612 RI IIRN
0613 END
0614 FND$
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